The micro-analysis of the inorganic constituents was performed on a tertiary Indian coal sample using computer-controlled scanning electron microscopy (CCSEM). A laboratory combustion experiment of the coal was also carried out to reveal the emission characteristics of particulate matters (PM2.5 and PM10). The results show the presence of major minerals like clay minerals, quartz, pyrite, and pyrrhotite forming the bulk of the mineral matter including some minor minerals, such as calcite, dolomite, ankerite, barite, oxidised pyrrhotite, and gypsum in the sample. The particle size distribution (PSD) of the included minerals is generally observed to be finer than that of the excluded ones in the coal. As a consequence, the coals rich in included minerals have smaller particles, which may affect its reactivity. The ratio of included to excluded minerals is found to be higher in majority of cases. It is found that Si mostly occurs as quartz and clay minerals, while Al mostly occurs as silicate minerals. Fe is primarily present as iron sulfides, iron oxide, and Fe-Al-silicate. S is partitioned into iron sulfides and gypsum. Most Ca occurs as carbonates and gypsum, with a minor fraction associated with clay minerals. Mg is mainly present as dolomite and clay minerals, with a very minor fraction present as ankerite. The majority of alkali elements are associated with aluminosilicates. P is mostly associated with kaolinite and/or present as more complex compounds containing Al, Si, and other elements as apatite is found to be absent in the coal studied. Ti is mainly present as rutile and kaolinite. The PSD of the individual elements were also determined in the coal by CCSEM data and 73.81 % of sulphur was found to be present as included indicating the high organically bound sulphur in the coal. During combustion, concentration of PM10 was found to be higher than PM2.5. The PMs are observed to contain of many potentially hazardous toxic elements viz. Si, Pb, S, Br, As, Cd, F and Cl.
INTRODUCTION
The demand for energy in the world in general and India in particular is ever-increasing and coals have been a major source to serve the community in their future needs. Currently, India has about 10 % of world's coal, in which the North-eastern part (Assam) contributes a major portion and India has enough coal for next 200 years. The coal utilization technologies in India are mainly combustion and gasification, which need to highlight the importance of the efficient use of coal, other mitigation of ashrelated problems, (Bryers, 1996; Gupta et al., 1998; Huang et al., 1996) and mainly the significant reduction of the particulate matter (PM) emissions (Bixiong et al., 2006; Jin et al., 2006; Wang and Mauzerall, 2006; Xu et al., 2000) . The presence of mineral matter in a pulverized coal may diversely affect the behaviour of the emitted particles during combustion and could also influence the level of unburnt carbon in ash as experienced in power plants. The transformation of mineral matter in coal to ash residues is a fundamental issue when trying to assess the deposition and erosion potential for a coal upon utilization. It is well known that deposition of ash in boiler system, and erosion of boiler surfaces is a particle specific phenomenon. Coal ash is formed from the inorganic components contained in coal, which can cause critical troubles, including slagging, fouling, bed agglomeration, corrosion, erosion, etc (Bryers, 1996) . Coal-derived PM has also been known to have adverse effects on human health and the environment which has received much attention recently around the world (Garcia-Nieto, 2006; Ohlstrom et al., 2000; Buhre et al., 2005) . It mainly originates from the heterogeneous nature of the mineral matter present in coal and is formed by complex physical and chemical processes, involving vaporization, condensation, melting, fragmentation, coalescence, etc (Buhre et al., 2005; Lockwood and Yousif, 2000; Senior et al., 2000; Takuwa et al., 2006; Wolski et al., 2004) .
It is thus increasingly recognised that how minerals are associated with the coal matrix is an important concept in understanding their behaviour before proceeding to adopt clean coal technology. Clean Coal Technology (CCT) in one sentence is the methods to remove pollutants from coal. Therefore, the comprehensive mineral properties are very important for a better understanding of the PM formation during combustion and to devise their necessary control steps. The mineral species have been determined by X-ray diffraction (XRD), while sequential leaching is used to determine the modes of occurrence of inorganic elements, such as organically bound, watersoluble, and carbonate-and sulfide-associated (Huggins, 2002; Vassilev and Tascon, 2003; Ward, 2002) . These techniques tend to ignore the heterogeneity of coal minerals and have limitations e.g., only crystalline species can be detected by XRD, while amorphous compounds or those having complicated composition cannot be determined.
Thus, these traditional ash analysis techniques do not provide adequate information for assessment of these aspects of coal quality. In this viewpoint, the advanced, operator independent and faster computer-controlled scanning electron microscopy (CCSEM) is more informative for coal mineralogy than the conventional methods (Gupta et al., 1998; Galbreath et al., 1996; Bool et al., 1995; Zygarlicke et al., 2006; Skorupska, 1993) . CCSEM instruments for coal minerals have been subsequently described by many authors (Straszheim et al., 1986; Jones et al., 1992; Yu et al., 1994; Zhang et al., 2003) . The key feature of this technique is that it allows coal minerals to be analyzed on a particle-by particle basis. The detailed physical and chemical information of individual mineral particles can be provided, such as particle size, shape factor, and elemental composition, which clearly play important roles in mineral behaviour during coal utilization.
In addition, CCSEM analysis can also supply information on the particle-size distribution (PSD) of mineral species as well as their association with carbonaceous matter, which are also significant for keeping in mind before going to implement the clean coal technology. Because of these advantages, CCSEM has been widely used in fuel science since its inception (Gupta et al., 1998; Wells et al., 2005; Kim et al., 1989; Ghosal et al., 1995; Chen et al., 2004; Zygarlicke and Steadman, 1990; Vassilev and Vassileva, 1996; Miller and Schobert, 1993; Miller and Schobert, 1994) . Such PSD information has relevance to our understanding and modelling of the behaviour of mineral matter during pulverised coal combustion and the formation of ash and slag deposits as well as other clean coal technology related problems. This measurement may be combined with the predictive models developed to predict the common problems of ash deposition and erosion of surface. Assam has a vast reservoir of high sulphur coal (2.5-7.0 %) mostly exist in North-eastern coal field, Margherita. The detail characterizations of these coals have not been done so far. Thus, the application of the CCSEM technique to study these Indian coals for gainful utilization is very much essential. Pulverized coal particles may be divided into three types on the basis of their mineral matter contents: organic rich particles, particles with included minerals and excluded mineral particles. A large variety of minerals can be found in coals. Three main aspects can be defined for the minerals present in coal: mode of occurrences, which affect the conditions (temperature and gaseous environment) experienced by the mineral particles within the combustion environment; chemical form of the minerals affecting the character of the resultant ash residues e.g. sticky or abrasive; the size of the mineral grains affects the transport of mineral residue to surfaces and time-temperature history for residues. All these factors need to be taken care for designing clean combustion systems for these coals and the use of CCSEM has been a useful technique for evaluating detail characterization of mineralogy.
In this paper, the CCSEM evaluation of heterogeneous nature of mineral matters in a typical Assam (India) pulverized coal used in a power plant and emission of PM and other hazardous elements during combustion has been reported. The detailed information on the mineral species present in this type of coal has been determined and discussed. The PSDs of the minerals as well as their association are also investigated. In addition, the modes of occurrence of major inorganic elements in coal and PM are also investigated. The implications of those mineral properties on ash formation and deposition are also discussed in short. Such information can provide insights into the ash-related problems as well as emission characteristics when these coals are used at high temperatures and in further our understanding. Moreover, the detailed characterizations of the particulates (PM) emitted from coal based industries in Indian is scarce. The study will also largely help in understanding combustion behaviour of coals for formulating clean coal technology program. In addition to knowledge of mineralogy of these coals, the study will also address the emission of particulates during utilization of these coals as particulate pollution has been a serious problem in India.
EXPERIMENTAL 2.1. Sample selection and physico-chemical properties
One representative coal sample from Tikak colliery of Northeastern coalfield, Margherita, Assam, India (latitudes 27°13′-27°23′ N and longitudes 95°35′-96°00′ E) collected, and ground to less than 125 µm and oven dried prior to analysis. The proximate analyses of the coal sample were done by standard methods, [IS: 1350 (Part I-1984 ]. The low temperature ash analysis of the coal sample was carried out by standard methods (Himus, 1954) . The proximate properties and low-temperature ash (LTA) composition are shown in Table 1 
Laboratory combustion of coal
Combustion experiments were conducted in a combustion chamber (50-100 Kg capacity). Pre-ignited by using biomass, pre-weighted coal (50-100kg) was charged to hot combustion chamber. After complete combustion of the samples, the flue gas was collected from the stack using stack analyzer with PM 2.5 and PM 10 sampler. In another experiment, combustion of wood, pre-weighted (50-100 kg) was charged into the chamber. From the temperature profile recorded, there was no variation observed for the fuels viz. coal and wood. The concentrations of PMs were determined by gravimetrically.
RESULTS AND DISCUSSION

Mineral compositions of the coal
The results of the detailed mineralogical analysis with complete PSD of the coal sample are shown in Table 2 . The clay minerals (kaolinite, montmorillonite, and K-, Fe-, and Ca-bearing aluminosilicates), quartz, pyrite, pyrrhotite, oxidized pyrrhotite and gypsum form the bulk of the minerals in the coal. Other minor minerals, including dolomite, calcite, ankerite and barite have also been found in the coal sample. Si bearing minerals are seen to be dominant in this coal studied with quartz, kaolinite and K Al-silicate of 12.34, 12.65 and 24.19% respectively. Kaolinite and quartz were also observed to be as the major component in North-eastern Indian coals in our past reports 20070) . The significant fraction of kaolinite in this coal indicates its efficiency for mineral processing. drainage (AMD) (Baruah et al., 2004) . In addition to pyrite, other S-bearing minerals, such as pyrrhotite, oxidized pyrrhotite, and gypsum, also account for a reasonable fraction as indicated in Table 2 . These minerals also account for the high sulphur nature of this coal. Acid mine drainage is believed to result from the oxidation of these S-bearing minerals during storage and coal weathering (Khare and Baruah, 2010) The most prevalent carbonate minerals found in this coal are dolomite, calcite and barite with 0.05, 0.06 and 0.13 % respectively. The minor minerals, iron oxide appears to be 0.94 % but, rutile, apatite, NaCl, KCl appears to be absent in the coal. It should be noted that the "unknown" minerals account for a significant fraction (37.78%) in the coal studied. They have complex chemical composition and do not fall into any of the prescribed categories during this CCSEM analysis. 
Mineral distribution and their association
In order to analyse the CCSEM data, minerals in this coal have been classified as excluded if they were located in a coal particle cross-section that contained more than 90wt% mineral matter, whereas included minerals were defined as being located in coal particle cross-section that contained less than 90wt% mineral matter. Figure 2 depicts the variation in mineral particle as a cumulative distribution for coal sample. It shows that the minerals of particle size 4.6-10.0 and 46.0-100.0 µm are higher in concentration in the coal. More than 50% of the minerals are found with sizes <10 µm. The size distribution of minerals in the coals is one of the most significant factors in determining ash size (Vassilev and Vassilevam, 1996; Miller and Schobert, 1993) . Minerals with a finer size distribution will produce finer ash particles. The ash size is also influenced by other factors, such as char fragmentation, mineral composition, mineral-coal association, combustion conditions, etc (Huang et al., 1996; Miller and Schobert, 1994) . It is observed that 53.43% of included minerals are present in the coal as demonstrated in the Tables 3 and 4 resulting in the coarsest size distribution. Figure  3 also shows the particle distribution of the included and excluded minerals with respect to wt%. Table 4 . PSD of the excluded minerals in the coal (Wt%).
The interpretation on mineral-coal association provides us valuable information about coal properties, combustion processes, ash formation, and deposition Kim et al., 1989; Liu et al., 2005; Sun et al., 2012 or fragmentation, while included minerals usually undergo coalescence because of interactions within the coal particle (Gupta et al., 1998; Wolski et al., 2004) . Figure 3 represents the detailed association of individual mineral species in the coal, which implies that the size distribution of included minerals is generally higher than that of, excluded ones. The higher included mineral contents will contribute to the formation of fine mineral particles from the coal with minimum operational problem at power plant. The particle size with 4.6-10 µm is more abundannt in the excluded minerals whereas the 46.0-100.0 µm is seen to be more in included ones. The excluded minerals with medium sizes of less than 10.0-22.0 µm are observed to be finer than those with rest. The excluded minerals which are the densest particles have the smallest top size. About 70.9 % excluded quartz are observed indicating its less association with the carbonaceous matters in the coal matrix. Kaolinite has also somewhat more high value of included contents with 45.7% association with carbonaceous matter followed by only 54.3% excluded one. The clay minerals, including montmorillonite and Fe-, Cabearing aluminosilicates tend to be present primarily as excluded minerals, whereas K-, Na-bearing aluminosilicates are as included ones. The carbonate minerals such as calcite and dolomite including iron oxides, pyrrhotite, periclase, Fe-silicate and gypsum are more or less uniformly distributed between included and excluded fractions. Pyrites are found to be present mainly as excluded in nature. Ankerite and barite contribute for very small amounts and are present as excluded and included minerals respectively, whereas alumina tends to be present only in included fractions. Oxidized pyrrhotite is seen to be associated highly with excluded mineral fractions with about 83.6% respectively.
Effect of included/excluded minerals on coal reactivity
The nature of specific mineral species has an important influence on their behaviour during coal utilization. Bryers, 1996 discussed the thermal behaviour of coal minerals in detail. The excluded quartz is less reactive, while the included quartz may vaporize at lower temperatures in the presence of carbon and other mineral species. Kaolinite and the other clay minerals within the coal particles play an important role in ash deposition as an absorbent for alkali and alkaline elements. However, in case they are present as excluded minerals, fewer interactions between them and other mineral species are expected. Thus, the Assam coal needs to be pre-treated for demineralization to use in combustion to avoid the ash deposition by the much reactive included minerals. These tertiary coals also have low ash fusion temperature which is detrimental to boiler operations. The behavior of other minerals, such as pyrite and carbonates, is also largely determined by their association with the carbon matrix (Srinivasachar et al., 1990; Wigley et al., 1994) . A number of mechanisms by which included minerals may affect the rate of char oxidation have been reviewed (Wigley et al., 1994; Vassilev et al., 2001) . Coal particles that contain included mineral matters will have a greater specific heat capacity than particles consisting of organic material alone, so mixed particles would be expected to heat up and combust more slowly. Included minerals may fuse and coat the surface of burning char particles reducing the rate of char combustion. Although, included mineral matters may have the potential to catalyse char combustion. The presence of included mineral matters could alter the size distribution of pulverised coal particles leaving the mill classifier and entering the boiler.
Occurrence and distribution of inorganic elements in mineral matters
Concentration of the elements is not the only factor of importance that needs to be considered in assessments of the behaviour of trace elements in coal utilization. The mode or form of occurrences (i.e. whether the elements forms a specific mineral, whether it is dispersed within a particular host mineral or in the coal macerals, with which fraction of the coal the element is associated with etc.) may control to a large extent the potential hazard posed by the element to human health and the environment. The occurrence and distribution of major inorganic elements in coal are also very important for coal combustion, gasification, liquefaction, and coking, as well as environmental considerations and understanding the role in ash deposition behaviours (Gupta et al., 1998) . Although the principal forms of the inorganic elements in most coals have been reported, their properties are highly dependent upon coal type and vary greatly (Brownfield et al., 2005) .
In this study, 10 major inorganic elements, Si, Al, Ca, Mg, Fe, S, Ti, Na, P and K are considered for assessing their occurrences and distribution in the coal. According to the ash composition in Table 1 , Si is the most abundant element (%), followed by Fe (%), Ca and Al which also accounted for the significant fractions in the coal. Sulphur and Titanium accounts for low contents in the coal sample. The modes of occurrence of these selected elements and their distributions among the identified mineral species are graphically represented in the concerned Figures 4a and 4b . The minerals viz. quartz, malenterite, gypsum, pyrites were also found to be present in North East Indian coals by FTIR spectroscopy (Khare and Baruah, 2010) .
Silicon and Aluminum
Si and Al are observed to be dominant elements in coal ash. Figure 4a shows the occurrence and distribution of these two elements. Si occurs mainly as quartz and clay minerals, involving kaolinite, K-bearing aluminosilicate, and montmorillonite and Al is primarily in the forms of clay minerals. The concentrations of Si or Al in individual minerals are directly proportional to their contents in the coals. As a rule, kaolinite, which is the most abundant, is the largest source of both Si and Al. Quartz and kaolinite contain a significant fraction (>10%) of Si, whereas montmorillonite contains a minor fraction of Si and Al in the coal. The higher concentrations of Si and Al in K-Al-silicate (>20%) for the coal are due to the presence of higher contents of this mineral in it. The coal sample also contains appreciable amounts of Si and Al, in other silicates including Fe-and Ca-Al-silicates. In comparison to Al, the form of Si can have more influence on its transformation. Quartz is relatively less reactive, while clays will react rapidly with other minerals or inorganic species, contributing significantly to ash deposition (Gupta et al., 1998; Buhre et al., 2005) .
Iron and Sulfur
Fe presents mainly as iron sulfides (pyrite, pyrrhotite, and oxidized pyrrhotite), iron oxide, and Fe-Al silicate, with a very small fraction present as ankerite. Sulphur is partitioned into iron sulfides and gypsum, as shown in Figure 4a . Iron sulfides contain 19.85% S and a significant fraction of Fe (18.96%) respectively indicating that the two elements usually occur together in the coal. A low fraction of iron also occurs as iron oxide, ankerite, or Fe-Al silicate in the coal. A small proportion of S (4.32 %) is also present as gypsum. As indicated, major portion of the sulphur is associated with the organic components in Assam coal. Baruah et al., 2006 also reported more than 75% organic sulphur in Assam coals. A significant fraction of Fe and S is also determined in the "unknown" minerals as shown in the figure. Iron sulfides are the primary sources of Fe in many coals. When they are included in the coal particle where a reducing condition is often encountered, they tend to form low-melting phases, which contribute a lot to slagging and fouling (Bryers, 1996) . Fe in iron aluminosilicates usually acts as a fluxing agent and can also cause ash deposition. Ankerite occurs in a very smaller fraction in the sample but can also be responsible for ash deposition because of its melting in the flame or acting as a flux (Bryers, 1996; Wigley et al., 1994) which could be the reason for low ash fusion temperature of Assam coals. Iron oxide is commonly more stable at high temperatures and has small effect on ash deposition. S in iron sulfides may be readily released and is responsible for SOx emissions during pulverized coal combustion against clean coal technology. However, gypsum is relatively more stable than iron sulfides.
Calcium and Magnesium
As shown in Figure 4a , Ca is largely (>41.5%) present in clay minerals, with some fraction in the forms of dolomite, calcite and ankerite. Ca is found to be relatively homogeneously distributed between calcite and dolomite. A significant fraction (4%) of Ca is present as gypsum. Mg is mainly present as clays in the coal, while dolomite accounts for only 1.1% of Mg. Additionally, a very minor fraction of Mg is also present as ankerite. Similarly, appreciable Ca and Mg are also contained in the "unknown" fractions of minerals. The carbonates prefer to decompose at temperatures around 600 °C and release CO 2 during combustion, forming agglomerates of small oxide particles with compositions reflecting the parent mineral (Wigley et al., 1994) . Silicates may be formed through reactions between Ca and Mg and other mineral species and contribute to slagging and ash deposition during coal combustion. 
Sodium and Potassium
As shown in Figure 4b , kaolinite and K Al-silicates are the primary sources hosting Na in the coal as well as the primary source for K. In fact they are almost equally distributed in the K-Al-silicate and kaolinite. Most of the Na (58.6%) and K (59.1%) are present as the "unknown" minerals in the coal. The minor source of Na (2.3%) is also found to be in Fe-Al-silicate form. Very low fractions of Na-Al-silicate were detected which also accounts for Na in the sample. K (2%) is seen to be present in Montmorillonite clay. As indicated, Na and K are primarily associated with aluminosilicates. These compounds can lead to the sintering of silicates at low temperatures, resulting in slagging and fouling (Bryers, 1996) .
Phosphorus and Titanium
The presence and behaviour of phosphorus in fossil fuels have received increasing concerns in recent years despite its low concentration in most coals, because of its potential to cause slagging, deactivation of catalysts, contamination of natural waters, and PM emissions (Beck et al., 2005; Beck and Unterberger, 2006) . It has been reported that P in coal may occur as apatite, crandallite group, or other phosphate minerals. The top panel of Figure 4b shows that P in the coals is mainly associated with kaolinite and Ca-Al-silicate. Apatite is not detected in this coal. P also has a strong affinity to be associated with kaolinite. Kaolinite in this coal is the main source of P with 15.81%. Ca-Al-silicate that contains minor P (0.27%) might be crandallite group minerals that cannot be identified by the CCSEM technique. It should be noted that a significant amount of P (81.25%) is present in the "unknown" minerals in the coal studied. This indicates the complex association of P with other elements organically. Titanium is also a major metal contaminant in the aged catalysts (Freeman et al., 1985) . It is often referred to as being among the lithophile elements and commonly associated with aluminosilicates, viz. clay minerals. Another significant mode of the occurrence of Ti is rutile which is not detected in this coal. Kaolinite is observed to be the dominant source of Ti (15.81%). The rest of the fractions Ti (83.72%) are associated with the "unknown" mineral in coal. . Occurrences and distribution of elements in the minerals (Na, K, Ti and P).
Particle size distribution of elements in coal
In order to have the actual knowledge on the occurrences of individual elements in the coal, the PSD of few elements under the study is summarised in Tables 5, 6 and 7 and Figures 5, 6 and 7. The elements with particles sizes of 4.6-10.0 and 100.0-211.0 µm are observed to be higher then the other sizes. The element Silicon is found to be the highest in concentration with 46.61% followed by Aluminium (15.54%) in the coal. The major portion of silicon (20.59%) is found to be present as particle size of 100.0-211.0 µm. It is observed that all the elements under study are more or less uniformly distributed among included and excluded natures except chlorine, where association is more as included. More finely excluded elements were found to be exist in this coal sample. From CCSEM data, 73.81% of sulphur is found to occur as included, i.e. associated in coal particle cross section with less than 90.0 wt% mineral matters. It is to be noted that about 75.0 % of sulphur was found to bind organically in NER coals (Saikia, 2010; Baruah and Khare, 2007) . Table 5 . PSD of elements in the coal (wt %). Figure 5 . PSD of the elements in coal. Table 6 . PSD of included elements in the coal (wt %). Figure 6 . Distribution of the included and excluded elements in coal. Table 7 . PSD of excluded elements in the coal (wt %). Figure 7 . PSD of the included and excluded elements in coal. 
Concentrations of elements in PM2.5 and PM10 in particulate emissions
The total concentration of PM 2.5 and PM 10 are observed to be 1.82 and 3.22 g/Kg of coal with 56.0 wt% of PM 2.5 in PM 10 . Uncontrolled PM emission from coal-fired boilers generally includes the ash in the fuel as well as un-burnt carbon resulting from incomplete combustion. The particulates (PM 2.5 in PM 10 ) emissions from this coal are given in the Table 8 and 9. It is seen that the concentrations of carbon and fluorine are found to be highest in PM 2.5 , whereas carbon and silicon are more abundant in PM 10 .
Micrographs of different types of carbonaceous and mineral particles released from coal combustion are shown in Figures 8 and 9 . The soot and fly ash particles found to be dominated in the ultra fine and sub-micrometer sizes. Typically, they have spherical primary particles (fly ash) with size 400 nm and fractal like chain structure (soot) that can extend to micrometer or more (Figs. 8 and 9 ). Some soot particles have spherical primary particulates with significantly larger sizes (5 µm). Chen et al. reported that these particles are derived from bituminous coal combustion. Micrograph also shows the char particles with irregular shapes and porous in nature. The differences in morphologies of soot and char particles are due to their formation processes. Soot particles are primarily formed by generation of nuclei by condensation in cooling post combustion gaseous streams. These particles then mature to larger sizes by combustion of volatile organic compounds and further collision with each other (Kittleson, 1998) . While char particles, which are relatively larger in size are derived from pyrolysis and oxidation of fuel particle. Micrographs of individual inorganic particles are shown in Figure10. Glass particles with spherical rounded shape are derived from the fusion of two or more inorganic mineral phases in the coal during combustion . The glass particle in Figure 10 appears to be produced by the melting of a single mineral particle, illite, which is potassium-containing clay (Huffman et al., 1994; Huffman and Huggins, 1986; Huffman et al., 1990) . The entire sample contain significant amount of Si rich particles (quartz). These particles derived from the aluminosilicate groups, illite, kaolinite and quartz. Sulphur-aluminosilicates are probably derived from the chemical reactions between aluminosilicates derived from clay mineral and oxidation product of organic/inorganic sulphurs. Higher carbon and sulphur percentage was observed in PM 2.5 collected from coal combustion. High sulphur percentage is due to high sulphur content in coal used in the study. It indicates that combustion of coal release high amount of carbonaceous compounds as compared to other fuels. 
CONCLUSIONS
Clay minerals (kaolinite, montmorillonite, and K-, Fe-, and Ca-bearing aluminosilicates), quartz, pyrite, and calcite form the bulk of mineral matter with other minor minerals, including dolomite, ankerite, rutile, pyrrhotite, oxidized pyrrhotite, and gypsum. The PSD of included minerals in the coal is found to be finer than that of excluded ones, whereas reverse was observed in case of individual elements. Thus, the coal is rich in included minerals with excluded individual elements as reported. Major portions of the minerals viz. quartz, other clay minerals (montmorillonite and K-, Fe-, and Ca-bearing aluminosilicates), carbonates (calcite and dolomite), Sbearing minerals (pyrite, pyrrhotite, oxidized), as well as iron oxides tend to occur primarily as included minerals. Quartz and clay minerals are the primary source of Si, while most of the Al is associated with silicate minerals. Fe in the coals occurs mainly as iron sulfides (pyrite, pyrrhotite, and oxidized pyrrhotite), iron oxide, and Fe-Alsilicate, with a small fraction present as ankerite. S is found in iron sulfides, a significant proportion is also found in the form of gypsum, majority being complexed organically. Most of the Ca and Mg occur as clay minerals and minor portions as carbonates, dolomite and gypsum with a very minor fraction present as ankerite. Na is mainly associated with kaolinite and K-bearing aluminosilicates, with a minor fraction in the form of Fe Al-bearing aluminosilicates. Most of the K occurs as kaolinite, K Alsilicates and montmorillinite. Apatite is not found in this coal. P is abundant in kaolinite, with a small fraction present as montmorillinite. Ti is mainly present as kaolinite in the coal. The PSD of elements shows their are more occurrences in the range of 4.6-10.0 and 100.0-211.0 µm. Individual inorganic elements were observed to be released through fusion of two or more minerals phases during combustion. The particulates produced during the combustion shows the presence of silicon, carbon, fluorine etc. along with the potentially hazardous elements including Pb and As in the high concentrations of PM 10 , which should be seriously taken care of before releasing to the environment.
